This study investigates the structure, species composition, and diversity of a section of the Kilengwe Forest in Tanzania. In order to accomplish the proposed objectives, 18 plots of 20 m × 20 m were randomly established in the forest and the number of tree species in each plot was identified and counted. The most important families and species were determined using importance value indices at the respective taxonomic levels. Diversity was measured using the Shannon-Wiener and Fisher alpha diversity indices. A total of 276 stems/ha representing 93 species/ha within 26 families were documented from 0.72 ha. Fabaceae and Julbernadia globiflora were the dominant family and species, respectively. Seventy-eight percent of the total species were rare. The average basal area of the forest was 7.1 m 2 /ha. The Shannon-Wiener index (4.02) and Fisher's alpha diversity (35.5) indicated high species diversity within the forest. The species-area and species-abundance curves revealed an escalating trend implying that more sampling efforts could result in a higher number of species existing in the forest. The size class distribution displayed a reverse J-shaped pattern; however, the larger size classes DBH >50 cm were not represented. The study suggests the necessity for anthropogenic disturbance control as this is the major source of forest degradation in the studied area.
Introduction
Globally, 52% of the total forests are in tropical regions and they are known to be the most important areas in terms of biodiversity [1] . Local communities living nearby depend on these forests for their livelihoods. For instance, forest trees provide resources like food, traditional medicine, energy, timber, shade, and habitats for other organisms [2] . The rapid increase in human population near forest ecosystems has increased threats of degradation and fragmentation to these ecosystems [3] . In Tanzania, the rate of population increase per year is 2.7% with the majority of people living in rural areas where forests are located. The annual loss of forest cover in the country has increased by 37% from the period of 1990-1995 (322,000 ha/year) to 2000-2010 (403,000 ha/year). The loss is mainly due to agricultural clearings, overgrazing, charcoaling, firewood, and timber harvesting [3, 4] . Like other tropical forests in the world, the Kilengwe Forest suffers extensive loss and degradation from anthropogenic activities and sporadic fire, which have a strong effect on the structure and species composition of the forest [5] . The quantification of the structure and diversity of tree species is important since they provide resources and habitat for a number of other species. Being the dominant life form in forests, trees are easy to locate specifically and count [6] and are comparatively better known from a taxonomic perspective [7] . Understanding tree composition and structure of forest is a vital instrument in assessing the sustainability of the forest, species conservation, and management of forest ecosystems. At the current study area, a few unpublished inventories have been recorded. Thus, the objectives of this study are to (i) identify inventory tree species composition and richness in Kilengwe Forest and compare them with other forests, locally and worldwide, and (ii) examine forest structure and composition patterns in the forest in terms of density, basal area, and size class distribution. ∘ East at an elevation of 182 to 228 m above mean sea level covering an area of 995 ha. A number of seasonal streams that provide water to the local community for domestic purpose originate from the forest reserve. The climate of the region is oceanic due to proximity (about 200 km) to the Indian Ocean and the rainfall regime is bimodal. The long rains last from March to May peaking in April while the short rains last from October to December. The mean annual rainfall and temperature in the Morogoro region are about 740 mm and 25.1 ∘ C, respectively (10 years data up to 2010 were provided by the Morogoro Meteorological Station). Agriculture is the major socioeconomic activity carried out by locals living in the two neighboring villages.
Field Sampling.
The tree sampling for the collection of data was performed in a random fashion in 18 plots of 20 m × 20 m each placed from the forest edge (100 m from forest margin) to the interior. In each plot, all trees with diameter at breast height (DBH) ≥10 cm measured at 1.3 m above the ground were counted, identified, and DBH-recorded. Trees with multiple stems at 1.3 m height were treated as a single individual and the diameters of all stems were obtained and averaged. If a tree had buttresses or abnormalities at 1.3 m height, the diameter was measured just above the buttress and the stem was assumed to have a cylindrical shape.
Data
Analysis. The forest structure was described in terms of tree density (stems/ha), basal area (m 2 /ha), and size class distributions (SCDs). The tree density was calculated using the number of individuals divided by sample area while the basal area was equal to 0.00007854 × D 2 (D = DBH in cm). Four tree size or DBH classes were formed, each arranged in 10 cm intervals. The dominance of family and species was calculated based on Family Importance Value Index (FIV) [8] and the Species Importance Value Index (IVI) [9] . Species richness was expressed by the number of observed species in the forest while two non-parametric richness estimators (Michaelis-Menten (MMMeans) and first-order Jackknife) were used to estimate potential species richness [10] . The species accumulation curves based on number of individuals and sampled area were constructed for comparing the increase of number of species with increasing individuals and sample size, respectively [10] . Shannon-Wiener's, Fisher'salpha diversity, and Pielou's evenness were calculated using the Species Diversity and Richness IV (SDR IV) Software. The ratio of the number of individuals to the number of species (N/S) was also calculated [11] .
Results

Floristic Composition and Importance Value.
A total of 199 trees (276 stems/ha) representing 67 species (93 species/ha) belonging to 54 genera and 26 families were identified from 0.72 ha. Fabaceae was the dominant family in the forest with 21 species, followed by Moraceae (five species) and Sterculiaceae (four species). Within the family Fabaceae, the genera Acacia and Albizia were represented by four and three species, respectively. Of the total recorded families, 46% and 31% were comprised by species singletons and doubletons, respectively, whereas, 23% had more than two species. Of all recorded species, Julbernadia globiflora and Brachystegia spiciformis were the most frequent and abundant species, whereas 78% were rare with lower frequency (see Figure 1 ). The maximum Family Importance Value (FIV) was observed for Fabaceae (115.7) followed by Moraceae (21.0), Sterculiaceae (18.3), Bignoniaceae (13.5), Sapotaceae (13.3), and Combretaceae (10.9). The remaining 20 families had FIV values lower than 10.0 ( Table 1) . The top ten families accounted for 76% of the overall FIV. J. globiflora was the species with highest IVI value of 13.3, followed by Dalbergia melanoxylon (11.5), B. spiciformis (11.0), and Burkea africana (10.2) while the remaining 63 species had IVI of less than 10.0 ( Table 2 ). The top ten species accounted for 30% of the overall IVI.
Tree Density and Basal Area.
A total of 199 individuals (276 stems/ha) were recorded in the 0.72 ha study area. The family Fabaceae accounted for 37.2% of the total individuals, followed by Sterculiaceae (6.5%) and Moraceae (6.0%). Among the members of the family Fabaceae, B. spiciformis (with 11.0% of the total individuals), J. globiflora (11%), and B. africana (9.3%) were the most abundant species. Apart from Fabaceae members, only Synsepalum cerasiferum, a Sapotaceae, had 3.5% relative density while the remaining species had lower relative densities (Table 2) . Of the recorded families, only Simaroubaceae and Phyllanthaceae were represented by one individual (0.5% relative density) while Apocynaceae, Meliaceae, Tiliaceae, and Rhizophoraceae had two individuals (1.0%). Also, 28% and 24% of the total species were represented by one and two individual stems, respectively. The mean basal area of the studied plots in the forest was 7.1 m 2 /ha (Table 3) . Of this, members of the family Fabaceae constituted 47.2% of the total basal area, followed by Moraceae and Sterculiaceae with 7.5% and 5.8%, respectively (Table 1) . D. melanoxylon and J. globiflora were dominant and co-dominant having 8.1% and 6.0% of the total basal area ( Table 2 ). Table 3 ). The species accumulation curves showed an increasing trend as the number of individuals and sample plots increase (Figure 3 ).
Size Class Distribution.
The tree size class distribution in the forest (Figure 3 ) exhibited the hypothetical negative exponential curve; however, the higher size classes (>50.0 cm) were not represented in this study. [12] in some forests of Morogoro. The recorded species richness is within the range of 24-122 species/ha obtained in the Budongo Forest in Uganda [13] and is similar to the results from Doody et al. [14] who observed 100 species/ha in the Mpanga Forest in Tanga Region, Tanzania. However, the value is lower compared to Amazonian forests, for which up to 283 species/ha have been recorded [15] . In fact, the comparisons between different studies may be an inadequate strategy since different methodology has been used in different cases. For example, the sizes of the plots vary greatly among studies and this has a strong effect on the results obtained. The dominance of family Fabaceae in terms of FIV (Table 1) was mainly due to high species richness, abundance, and basal area of the constituent species. The family Fabaceae is known to dominate the tropical lowland forests [15, 16] . For instance, various authors (e.g., [2, 17, 18] ) have reported this family being dominant in the coastal forests of Tanzania with up to 50% of the total richness of the area [19] . The top ten important families recorded in the present study (Table 1) were similar to those recorded in other studies [13, 16, 20] . The IVI is commonly used in ecological studies as it shows ecological importance of a species in a given ecosystem. The IVI is also used for prioritizing species conservation whereby species with low IVI value need high conservation priority compared to the ones with high IVI [2, 21] . The high IVI exhibited by J. globiflora is largely due to its higher relative frequency, density, and dominance compared to other species. The co-dominance of D. melanoxylon in terms of IVI is mainly due to its higher basal area or relative dominance compared to all species. The presence of many species with lower IVI values in this study is an indication that the majority of species are rare in the forest. This finding is also supported by the frequency distribution (Figure 1 ) and the species accumulation curves (Figure 2) . The frequency distribution graph reveals 78% of the observed species to occur in less than four plots, while the accumulation curves reveal an escalating trend that indicates that the forest holds more rare species than common ones [22] . The large number of rare species encountered in this study confirms the commonly acclaimed notion that most of the species in the ecological community are rare, rather than common [11] . The rarity may be due to various reasons, which include (1) strong density-dependency in the forest, (2) existence of a resource gradient, which causes species to occupy different positions within it resulting in abundance distribution variation, (3) poor dispersability of species, (4) natural or anthropogenic disturbances, and (5) competition within the forest [23] [24] [25] . Both species-area and species-individual curves displayed an escalating trend, which suggest that increasing the sampling effort (i.e., area and individuals) would increase the observed species richness. This is due to the fact that the larger the forest area sampled is, the more environmentally heterogeneous the sampling area becomes. The observed trend in both curves coincide with the two used species richness estimators (Jackknife 1 and MMMeans) in Table 3 , which provide higher number of species than the observed species in the forest. Also, the curves are basically informing that the sample size used was not enough to capture all the species in the forest, which imply that more plots will be required for future inventories in the forest. The lower N/S ratio (2.97) suggests that the number of individuals of different species was low, which indicate high rarity in the studied plots [11] . The species diversity indices and evenness index revealed presence of high tree diversity and even representation of species in the studied forest compared to other forests [2, 12] .
Forest
Structure. Density, basal area, frequency distribution, and size or DBH class distributions of trees contribute to the structure of the forest. The forest density and basal area were lower by 7% and 37%, respectively, compared to the values obtained by Malimbwi et al. [12] . The decline in the two parameters can be associated with increasing anthropogenic disturbances in the forest, especially logging of big trees. In Madagascar, the low basal area values in the forests were related to high accessibility by the nearby community and lack of enough protection, which could account for observed values too [26] . In any forest, lower basal area is mainly characterized by high abundance of young trees [27] and sometimes lacking individuals in the larger size class (DBH >50 cm) as observed in this study (Figure 3) . In general, size class distribution of undisturbed forest or less disturbed forest should fit the reverse J-shaped pattern, with most of the trees in the smaller size classes and fewer in the larger ones [28] . The size class distributions in this study suggest that the forest is at a crucial stage of regeneration and recovering from disturbances. The lack of individuals in the larger size classes could be due to illegal logging of bigger trees by the locals for timber and construction purposes or the fact that the forest has limited species that grow larger than these diameters [2, 29] . The species with high timber values, for instance, D. melanoxylon, M. excelsa, Pterocarpus spp., and Khaya anthotheca were observed to be logged below their minimum required harvestable diameter, which account for their low density and perhaps lack of individuals in the larger size classes that contribute to lower forest basal area. Several authors [2, 30, 31] reported the same species to be extremely exploited in other parts of Tanzania. The frequency class distributions showed that 78% of the total species fell in the 0%-10% and 10.0%-19.9% frequency classes whereas the higher frequency classes >40% were not represented. Such a result suggests that most of the species had low occurrence as would be expected in a typical species-abundance distribution. Normally, a tree species is considered homogeneously distributed when the numbers of individuals are equal in all parts of the community. Thus, the frequency distribution analysis indicates the presence of high degree of floristic heterogeneity in the forest. Usually, frequency reflects the pattern of distribution and provides an approximate indication of the heterogeneity of the forest [21] .
Implications for Conservation.
Understanding tree species composition, diversity, and structure is a vital instrument in assessing sustainability of any forest, conservation of species, and management of the ecosystems at large [5, 16] . This research sought to describe the current status of the forest structure, composition, and diversity of tree species community in the Kilengwe Forest. In Tanzania, conservation of biodiversity has become an issue of increasing priority and importance within the international scientific community and policy makers in the recent years. Rapid human population growth and the continuing practice of slash-and-burn clearing as an agricultural technique are two associated factors in the degradation and fragmentation of the forest habitats. The damage is irreversible and is really threatening the forest biodiversity in the country [2, 5] . Kacholi [2] revealed human population density to have significant adverse impacts on International Journal of Biodiversity 7 forest size, species richness, and diversity and concluded that if human population is not controlled well, forests are likely to be fragmented and the remnants will significantly lose their ability to sustain the original biological diversity. Thus, this study suggests for the following: First, need for an immediate intervention to prevent disturbances in the forest, particularly anthropogenic (e.g. illegal timber harvest and fuelwood collection) and cattle grazing, which are major sources of the forest deterioration. Establishment of fuelwood plantation for villagers, rotational grazing, and reducing livestock numbers will help accomplish this goal as conservation measures. Second, local community needs to be practically involved by the local government (the owner) in the protection and management of the forest through a joint strategy. Third, the environmental education on the importance of forest ecosystems needs to be provided to villagers. Fourth, Both in situ and ex situ conservation methods need to be used for preserving the forest indigenous species, particularly those having low importance value index (IVI), and lastly, a series of more comprehensive forest ecosystem studies are required to provide knowledge and foundation for future research.
